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EXECUTIVE SUMMARY

CONCLUSIONS

A study of the Electrical and Electronic Components Industrial
Point Source Category Phase II was undertaken to establish
discharge limitations guidelines and standards. The industry was
subcategorized into segments based on product type. Of the three
subcategories, one has been excluded under Paragraph 8 of the
NRDC Consent Decree, and for two subcategories, regulations are
being proposed. The two subcategories are Cathode Ray Tubes and
Luminescent Materials. The Agency is proposing not to regulate
existing direct dischargers for the reasons described in Section
VI of this document. Therefore, BPT, BAT, and BCT effluent
limitations are not being proposed.

In the Cathode Ray Tube subcategory the pollutants of concern
include cadmium, chromium, lead, zinc, toxic organics, fluoride,
and total suspended solids. Cadmium and Zinc are the major toxic
metals found in phosphors in cathode ray tubes. Sources of these
metals are manufacture, salvage, and phosphor - recovery
operations. Chromium occurs .as dichromate in photosensitive
materials and is found in wastewater from manufacture and salvage
operations. Lead is found in the wastewater from the tube
salvage operation where the lead frit is dissolved in nitric
acid. Toxic organics occur from the use of solvents in cleaning
and degreasing operations. The major source of fluoride is the
use of hydrofluoric acid for cleaning and conditioning glass
surfaces. Finally, total suspended solids result primarily from
the use of graphite emulsions used to coat the tubes.

For the Luminescent Materials subcategory the pollutants of
concern include cadmium, antimony, =zinc, fluoride, and total
suspended solids. Cadmium and zinc are major constituents of
blue and green phosphors, and are found in the wastewater from

washing and filtering operations. Antimony 1is used as an
activator and found in the wastewater from lamp phosphor
manufacture. Fluoride results from the manufacture of an

intermediate lamp phosphor, <calcium fluoride. Total suspended
solids occur in wastes from washing-and filtration operations.

Several treatment control technologies applicable to the
reduction of pollutants generated by the manufacture of cathode
ray tubes and luminescent materials were evaluated, and the costs
of these technologies were estimated. Pollutant concentrations
achievable through the implementation of these technologies were
based on industry data. These concentrations are presented below
as proposed standards for the Cathode Ray Tubes and Luminescent
Materials subcategories.

PROPOSED EFFLUENT LIMITATIONS AND STANDARDS




Tables 1 through 5 present proposed regulations for New Source
Performance Standards (NSPS), and Pretreatment Standards for New
and Existing Sources (PSNS and PSES). All standards are
expressed as milligrams per liter.

TABLE 1: PSES PROPOSED REGULATIONS FOR CATHODE RAY TUBES |

Daily Maximum Monthly Average
Pollutant (mg/1) (mg/1)
Cadmium 0.046 . 0.022
Chromium 0.91 0.26
Lead 1.13 0.36
Zinc 2.06 0.49
TTO 0.15
Fluoride 32.6 : 22.3

TABLE 2: NSPS PROPOSED REGULATIONS FOR CATHODE RAY TUBES

Daily Maximum Monthly Average :
Pollutant (mg/1) (mg/1) pH Range
Cadmium 0.046 0.022
Chromium 0.77 0.22
Lead 0.73 0.23
Zinc 1.18 0.28
TTO 0.15
Fluoride 32.6 22.3
TSS 42.9 16.1
pH 6-9

TABLE 3: PSNS PROPOSED REGULATIONS FOR CATHODE RAY TUBES

Daily Maximum Monthly Average

Pollutant (mg/1) (mg/1)
Cadmium 0.046 0.022
Chromium 0.77 0.22

Lead 0.73 0.23

Zinc 1.18 0.28

TTO 0.15

Fluoride 32.6 - 22.3




TABLE 4:

NSPS PROPOSED REGULATIONS FOR LUMINESCENT MATERIALS

Daily Maximum ‘Monthly Avérage

Pollutant (mg/1) . - (mg/1) pH Range

Cadmium 0.48 = 0.2z

Antimony 0.18 o . 0.044

Zinc - 2.84 - .. 0.68

Fluoride 32.6 - 22.3

TSS 61.0 22.9 .

pH , 6-9

TABLE 5: PSNS PROPOSED REGULATIONS FOR LUMINESCENT MATERIALS

Daily Maximum Monthly AVerage

Pollutant (mg/1) = _(mg/1)

Cadmium 0.48 7 0.23

Antimony -0.18: -~ 0.044

Zinc : 2.84 .. .. 0.e8

Fluor;de

32.6 22.3







 SECTION 1
INTRODUCTION

The purpose of this document is to present the findings of the
EPA Phase 2 study of the Electrical and Electronic Components
(E&EC) Point Source Category. The Phase 2 study examines the
Electron  Tubes and Luminescent Materials (Phosphorescent
Coatings) subcategories of E&EC, the two subcategories which were
previously deferred from regulatory analysis. EPA 440/1-82/075b
July 1982.%* The document (1) explains subcategories and
pollutants are regulated and which are not; (2) discusses the
reasons; and (3) explains how the actual .limitations were
developed. Section 1 describes the organizaticn of the document
and reviews the sources of industry data that were used to
provide technical background for the limitations.

1.1 ORGANIZATION AND CONTENT OF THIS DOCUMENT

Data provided by industry are used throughout this report in
support of regulating subcategories or excluding subcategories
from regulation under Paragraph 8 of the NRDC Consent Decree.
Telephone contacts, the literature, and plant visits provided the
information used to subcategorize the industry in Section 3.
These data were also considered in characterizing the industry in
Section 4, Description of the Industry. :

water use and wastewater characteristics in each subcategory are
described in Section 5 in terms of flow and pollutant
concentration. Subcategories to be regulated or excluded are
found in Section 6. The discussion in that section identifies
and describes the pollutants to be regulated and presents the
rationale for subcategory and pollutant exclusion. Section 7
describes the appropriate treatment and control technologies
available. The regulatory 1limits and the bases for these
limitations are presented in Section 8. Section 9 estimates the
capital and operating costs for the treatment technologies used
as the basis for limitations.

1.2 SOURCES OF INDUSTRY DATA

Data on the two subcategories were gathered from literature
studies, contacts with EPA regional offices, from plant surveys
and evaluations, and through contacting waste treatment equipment
manufacturers. These data sources are discussed below.

*For reasons outlined in section 3.2, EPA has determined that the
Electron Tube subcategory should be divided into Cathode Ray
Tubes (CRT), and Receiving and Transmitting Tubes (RTT)
subcategories. RTT operations do not discharge wastewaters, thus
this document proposes effluent 1limits only for CRT and
Luminescent Materials subcategories. ' '
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Published literature in the form of books, reports, papers,
periodicals, promotional materials, Dunn and Bradstreet surveys,
and Department of Commerce Statistics was examined. The
researched material included product descriptions and uses,
manufacturing processes, raw materials consumed, waste treatment
technology, and the general characteristics of plants in the two
subcategories including number of plants, employment levels, and
production levels when available.

All 10 EPA regional offices were telephoned for assistance in
identifying plants in their respective regions.

Three types of data collection were used to supplement available
information pertaining to facilities 1in the E&EC category.
First, more than 150 plants were contacted by phone or letter to
obtain basic information regarding products, manufacturing
processes, wastewater generation, and waste treatment. Second,
based on this information, eleven plants were visited to view
their operations and discuss their products, manufacturing
processes, water use, and wastewater treatment. Third, six
plants were selected for sampling visits to determine the
pollutant characteristics of their wastewater.

The sampling program at each plant consisted of up to three days
of sampling. Prior to any sampling visit, all available data,
such as layouts and diagrams of the selected plant's production
processes and waste treatment facilities, were reviewed. 1In most
cases, a visit to the plant was made prior to the actual sampling
visit to finalize the sampling approach.

Representative sample points were then selected. Finally, before
the visit was conducted, a detailed sampling plan showing the
selected sample points and all pertinent sample data to be
obtained was presented and reviewed.

Various manufacturers of wastewater treatment equipment were
contacted by phone or were visited to obtain cost and performance
data on specific technologies. Information collected was based
both on manufacturers' research and on actual operation.




SECTION 2

 LEGAL BACKGROUND.

2.1 PURPOSE AND AUTHORITY

The Federal Water Pollution Control Act Amendments of 1972 i
established a comprehensive program to "restore and maintain the
chemical, physical, and biological integrity of the Nation's
waters," Section 101(a). Section 301(b)(1)(A) set a deadline of
July 1, 1977, for existing industrial dischargers. to achieve
"effluent limitations requiring the application of the best
practicable control technology currently available" (BPT).
Section 301(b)(2)(A) set a deadline of July 1, 1983, for these
dischargers to achieve "effluent limitations requiring the
application of- the best available technology economically
achievable (BAT), which will result in reasonable further -
progress toward the national goal of eliminating the discharge of
all pollutants." : :

Section 306 required that new ‘industrial direct dischargers
comply with new source performance standards (NSPS), based on
best available demonstrated technology. Sections 307(b) and (c)
of the Act required pretreatment standards for new and existing
dischargers to publicly owned treatment works (POTW). 'While the -
requirements for direct dischargers were to be incorporated into
National Pollutants Discharge Elimination System (NPDES) permits
issued under Section 402, the Act made pretreatment standards
enforceable directly against dischargers to POTWs (indirect
dischargers). o

Section 402(a)(1) of the 1972 Act does allow requirements to be
set .  case-by-case. However, Congress intended control
requirements to be based, for the most part, on regulations
promulgated by the Administrator of EPA. Section 304(b) required
regulations for NSPS. Sections 304(f), 307(b), and 307(c) -
required regulations for pretreatment standards. In addition to
these regulations for designated industry categories, Section
307(a) required the Administrator to promulgate effluent
standards applicable to all dischargers of toxic pollutants.

Finally, Section 501(a) authorized the Administrator to prescribe
any additional regulations "necessary to carry out his functions"”
under the Act. :

The EPA was unable to promulgate many of these regulations by the
deadlines contained in the Act, and as a result, in 1976, EPA was
sued by several environmental groups. In settling this lawsuit,
EPA and the plaintiffs executed a "Settlement Agreement" which
was approved by the Court. This agreement required EPA to
develop a program and meet a schedule for controlling 65
"priority"” pollutants and classes of pollutants. In carrying out
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this program, EPA must promulgate BAT effluent limitations
guidelines, pretreatment standards, and new source performance
standards for 21 major industries. (See Natural Resources
Defense Council, 1Inc. v. Train, 8 ERC 2120 (D.D.C. 1976),
modified, 12 ERC 1833 (D.D.C. 1979)).

Several of the basic elements of the Settlement Agreement program
were incorporated into the Clean Water Act of 1977. This law
made several important changes in the Federal Water pollution
control program. Sections 301(b)(2)(A) and 301(b)(2)(C) of the
Act now set July 1, 1984, as the deadline for industries to
achieve effluent limitations requiring application of BAT for
"toxic" pollutants. "Toxic" pollutants here included the 65
"priority" pollutants and classes of pollutants that Congress
declared "toxic" under Section 307(a) of the Act.

EPA's programs for new source performance standards and
pretreatment standards are now aimed principally at controlling
toxic pollutants. To strengthen the toxics control program,
Section 304(e) of the Act authorizes the Administrator to
prescribe "best management practices" (BMPs). These BMPs are to
prevent the release of toxic and hazardous pollutants from: (1)
plant site runoff, (2) spillage or leaks, (3) sludge or waste
disposal, and (4) drainage from raw material storage if any of
these events are associated with, or ancillary to, the
manufacturing or treatment process.

In keeping with its emphasis on toxic pollutants, the Clean Water
Act of 1977 also revises the control program for non-toxic
pollutants. For ‘"conventional" pollutants identified under
Section 304(a)(4) (including biochemical oxygen demand, suspended
solids, fecal coliform, and pH), the new Section 301(b)(2)(E)
requires "effluent limitations requiring the application of the
best conventional pollutant control technology” (BCT)--instead of
BAT--to be achieved by July 1, 1984. The factors considered in
assessing BCT for an industry include the relationship between
the cost of attaining a reduction in effluents and the effluent
reduction benefits attained, and a comparison of the cost and
level of reduction of such pollutants by publicly owned treatment
works and industrial sources. For those pollutants that are
neither "toxic" pollutants nor "conventional" pollutants,
Sections 301(b)(2)(A) and (b)(2)(F) require achievement of BAT
effluent limitations within three years after their establishment
or July 1, 1984, whichever is later, but not later than July 1,
1987.

The purpose of this proposed regulation is to establish BPT, BAT,
and BCT effluent 1limitations and NSPS, PSES, and PSNS for the
Electrical and Electronic Components Point Source Category.

2.2 GENERAL CRITERIA FOR EFFLUENT LIMITATIONS

2.2.1 BPT Effluent Limitations
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The factors considered in defining best practicable ~control
technology currently available (BPT) include: (1) the total cost
of applying the technology relative to the effluent reductions

that result, (2) the age of equipment and facilities involved,
(3) the processes used, (4) engineering aspects of the control
technology, (5) process - changes, (6) non-water quality

environmental impacts (including energy requirements), (7) and
other factors as the Administrator considers appropriate. 1In
general, the BPT level represents the average of the best
existing performances of plants within the industry of various

ages, sizes, processes, or other common characteristics. When
existing performance is uniformly inadeguate, BPT may be
transferred from a different subcategory or category. BPT

focuses on .end-of-process treatment rather than process changes
or internal controls, except when these technologies are ‘common
industry practice.

The cost/benefit inquiry for BPT is a limited balancing,
committed to EPA's discretion, which does not require the Agency
to quantify benefits in monetary terms. See, e.g., American Iron
and Steel Institute v. EPA, 526 F.2d 1027 (3rd Cir. 1975). 1In
balancing costs against the benefits of effluent reduction, EPA
considers the volume and nature of existing discharges, the
volume and nature of discharges expected after application of
BPT, the general environmental effects of the pollutants, and the
cost and economic impacts of the required level of pollution
control. The Act does not require or permit consideration of

water quality problems attributable to particular point sources
or water quality improvements in particular bodies of water.
Therefore, - EPA has not considered these factors. See
Weyverhaeuser Company v. Costle, 590 F.2d 1011 (D.C. Cir. '1978);
Applachian Power Company et al. v. U.S.E.P.A. (D.C. Cir., Feb.
8, 1972). ‘ v ;

2.2.2 BAT Effluent Limitations

The factors considered in defining best available technology
economically achievable (BAT) include the age of equipment and
facilities involved, the processes used, process changes, and
engineering aspects of the technology process changes, non-water
quality environmental impacts (including energy requirements) and
the costs of applying such technology JJ(Section 304(b) (2) (B)KK.
At a minimum, the BAT level represents the best economically
achievable performance of plants of various ages, sizes,
processes, or other shared characteristics. As with BPT,
uniformly inadequate performance within a category or subcategory
may require transfer of BAT from a different subcategory or
category. Unlike BPT, however, BAT may include process changes
or internal controls, even when these technologies are not common
industry practice. :

The statutory assessment of BAT "considers" costs, but does not
require a balancing of costs against effluent reduction benefits




(see Weyerhaeuser v. Costle, supra). 1In developing the proposed
BAT, however, EPA has given substantial weight to the
reasonableness of costs. The Agency has considered the volume
and nature of discharges, the volume and nature of discharges
expected after application of BAT, the general environmental
effects of the pollutants, and the costs and economic impacts of
the required pollution control levels. Despite this expanded
consideration of costs, the primary factor for determining BAT is
the effluent reduction capability of the control technology. The
Clean Water Act of 1977 establishes the achievement of BAT as the
principal national means of controlling toxic water pollution
from direct discharging plants.

2.2.3 BCT Effluent Limitations

The 1977 Amendments added Section 301(b)(2)(E) to the Act
establishing "best conventional pollutant control technology"
(BCT) for discharges of conventional pollutants from existing
industrial point sources. Conventional pollutants are those
defined in Section 304(a)(4) JJbiological oxygen demanding
pollutants (BOD), total suspended solids (TSS), fecal coliform,
and pHKK, and any additional pollutants defined by the
Administrator as "conventional" JJoil and grease, 44 FR 44501,
July 30, 1979KK.

BCT is not an additional limitation but replaces BAT for the
control of conventional pollutants. 1In addition to other factors
specified in Section 304(b)(4)(B), the Act requires that BCT
limitations be assessed in light of a two~part "cost
reasonableness" test. American Paper Institute v. EPA, 660 F.2d
954 (4th Cir. 1981). The first test compares the costs for
private industry to reduce its conventional pollutants with the
costs to publicly owned treatment works for similar levels of
reduction in their discharge of these pollutants. The second
test examines the cost-effectiveness of additional industrial
treatment beyond BPT. EPA must find that limitations are
"reasonable" under both tests before establishing them as BCT.
In no case may BCT be less stringent than BPT.

2.2.4 New Source Performance Standards

The basis for new source performance standards (NSPS) under
Section 306 of the Act is the best available demonstrated
technology. New plants have the opportunity to design the best
and most efficient processes and wastewater . treatment
technologies. Therefore, Congress directed EPA to consider the
best demonstrated process changes, in-plant controls, and end-of-
process treatment technologies that reduce pollution to the
maximum extent feasible.

2.2.5 Pretreatment Standards for Existing Sources
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Section 307(b) of the Act requires EPA to promulgate pretreatment
standards for existing sources (PSES) which industry must achieve
within three years ot promulgation. PSES are designed to prevent
the discharge of pollutants that pass through, interfere with, or
are otherwise incompatible with the operation of POTWs. '

The legislative history of the 1977 Act indicates that
pretreatment standards are to be technology-based, analogous to
the best available technology for removal of toxic pollutants.
The General Pretreatment Regulations which serve as the framework .
for the proposed pretreatment standards are in 40 CRF Part 403,
46 FR 9404 (January 28, 1981). ‘

EPA has generally determined that there |is passthrough of
pollutants if the percent of pollutants removed by a welloperated
POTW achieving secondary treatment is less than the percent
removed by the BAT model treatment system. A study of 40 well-

operated POTWs with biological treatment . and meeting secondary
treatment criteria showed that metals are typically removed at
rates varying from 20 percent to 70 percent. POTWs with only
primary treatment have even lower rates of removal. In contrast,
BAT level treatment by the industrial facility can achieve
removal in the area of 97 percent or more. Thus, it is evident
that metals do pass through POTWs. As for toxic organics, data
from the same POTWs illustrate a wide range of removal, from 0 to’
greater than 99 percent. Overall, POTWs have removal rates of
toxic organics which are less effective than BAT. :

2.2.6 Pretreatment Standards for New Sources

Section 307(c) of the Act requires EPA to. promulgate pretreatment
standards for new sources (PSNS) at the same time that it
promulgates NSPS. These standards are intended to prevent the
discharge of pollutants which pass through, interfere with, or
are otherwise incompatible with a  POTW. New indirect
dischargers, like new direct dischargers, have the opportunity to
incorporate the best available demonstrated technologies—-
including process changes, in-plant controls, and end-of-process
treatment technologies--and to select plant sites that ensure the
treatment system will be adequately installed. Therefore, the
Agency sets PSNS after considering the same criteria considered
for NSPS. PSNS will have environmental benefits similar to those
from NSPS. '
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SECTION 3
INDUSTRY SUBCATEGORIZATION

3.1 RATIONALE FOR SUBCATEGORIZATION

The primary purpose of industrial categorization is to provide
groupings within an industry so that each group has a uniform set
of discharge limitations. After the Agency has obtained
wastewater data and process information from facilities within an
industry or industrial segment, a number of factors are
considered to determine if subcategorization is appropriate.
These factors include raw materials, final products,
manufacturing processes, geographical location, plant size and
age, wastewater characteristics, non-water quality environmental
impacts, treatment costs, energy costs, and solid waste
generation.

3.2 SUBCATEGORIZATION REVIEW

A preliminary review of each of these factors revealed that
product type is the principal factor affecting the wastewater
characteristics in the Electrical and Electronic Components
industrial category. This is demonstrated by a comparison of
pollutants found in plant effluent with the products made at
those plants. Luminescent Materials (Phosphorescent Coatings)
and Electron Tubes were identified as two of the twenty-one (21)
subcategories comprising the E&EC category.

Under this study, further review of the same factors revealed
that the Electron Tube subcategory is comprised of two distinct
product types employing different raw materials and manufacturing .
processes. The products included in the Electron Tube
subcategory are cathode ray tubes, receiving tubes and
transmitting tubes. The production of receiving and transmitting
tubes uses similar raw materials and manufacturing processes and
thus similar wastewaters are g¢enerated. Cathode ray tube
manufacture, however, employs unique raw materials and process
operations which generate wastes greatly different from those
encountered in the manufacture of receiving and transmitting
tubes.

3.3 CONCLUSIONS
Based on thé review of subcategorization factors, the foilowing
subcategories were established under this study and are addressed
as such in this document.

Cathode Ray Tubes

Receiving and Transmitting Tubes
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Luminescent Materials
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SECTION 4

DESCRIPTION OF THE INDUSTRY

This section provides a general description of the subcategories
presented in the previous section. It includes a discussion of
the number of plants and production capacity, product lines, and
manufacturing processes including raw materials used. :

4.1 CATHODE RAY TUBES

The Cathode Ray Tube subcategory includes plants which discharge
wastewater from the production of electronic devices in which
high velocity electrons are focused through a vacuum to generate
an image on a luminescent (or phosphorescent) surface. Products
are classified under the Standard Industrial Classification (SIC)
3671 the Cathode Ray Tube (CRT) subcategory's products are
comprised of two CRT types:

o} Aperture Mask Tubes which are cathode ray tubes that
contain multiple color phosphors and use an aperture
(shadow) mask. This type of tube will be referred to
as a color television picture tube.

o Cathode ray tubes that contain a single phosphor and
no aperture mask. This type of tube will be referred
to as a single phosphor tube.

4.1.1 Number of Plants and Production Capacity

Results of an extensive telephone survey to companies classified
under SIC Code 3671  indicated that an estimated 22 plants are
involved in the manufacturing of cathode ray tubes.

Seven plants produce color television picture tubes with a total
production of approximately 12.5 million tubes per year and an
average plant production of 1.78 million tubes per year. It is
estimated that 12,000 production employees are engaged in color
television picture tube manufacturing. Only one of the seven
manufacturers is a direct discharger. In addition, several
rebuilders of color television picture tubes exist, but because
there is no phosphor removal or reapplication, the rebuilding
process is of little concern under this study.

Fifteen plants manufacture single phosphor tubes with an
estimated 3,000 employees engaged in production. No single
phosphor tube manufacturers are known to be direct dischargers.

4.1.2 Product Description

Cathode ray tubes are devices in which electrons are conducted
between electrodes through a vacuum within a gas tight glass
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envelope. Cathode ray tubes depend upon three basic phenomena
for their operation. The first is the emission of electrons by
certain elements and compounds when the energy of the surface
atoms 1is raised. The second phenomenon is the control of the
movement of these electrons by the force exerted upon them by
electrostatic and electrodynamic forces. The third 1is the
luminescent properties of the phosphors when excited by
electrons. The two types of cathode ray tubes which are to be
discussed in this section are described below:

o Color television picture tubes function by the
horizontal scanning of high velocity electrons striking
a luminescent surface. The number of electrons in the
stream at any instant of time is varied by electrical
impulses corresponding to the transmitteed signal. A
typical color television picture tube is shown in
Figure 4-1.

The tube is a large glass envelope. A special
composition of glass is used to minimize optical
defects and to provide electrical insulation for high
voltages. The structural design of the glass bulb is
made to withstand 3 to 6 times the force of atmospheric
pressure. The light-emitting screen is made up of
small elemental areas, each capable of emitting light
in one of the three primary colors (red, green, blue).
An electron gun for each color produces a stream of
high velocity electrons which is aimed and focused by
static and dynamic convergence mechanisms and an
electro-magnetic deflection yoke. An aperture mask
behind the face of the screen allows phosphor
excitation according to incident beam direction.
Commercially available color television tubes are
manufactured in a number of sizes. These tubes are
used in color television sets, arcade games, and
computer display terminals.

o] Single phosphor tubes are similar to color television
picture tubes in most respects. They generate images
by focusing electrons onto a luminescent screen in a
pattern controlled by the electrostatic and
electrodynamic forces applied to the tube. The major
difference is that the light emitting screen is
composed of a single phosphor, and a single beam
electron gun is used for phosphor excitation. 1In
addition, the tube does not contain an aperture mask
for electron beam control.

Single phosphor tubes are manufactured in a variety of
~ sizes but are generally smaller in size than color
television picture tubes. They usually range from 2 to
12 inches in diameter. Single phosphor tubes are
manufactured for usage in display systems such as word

-




shadow mask

.-'
f IR : : . red beam
S | .

PR NIE IR o TS S

phosphor dots
on screen

blue beam \ 5 /
. \ o ,
\ /!
. A /
. .three .electron beams \\ /
o . N //
- " ' special glass bulb \ /
o e : \ /.

~static and dynamic
convérgence of

three electron
beams (magnetic)

base
connections

electron
guns

1;electromagnetic
deflection yoke

’ higﬁ—voltage-contact

fluorescent ‘light-emitting
three~color screen
(with aluminum
mirror backing)

FIGURE 4-1
"COLOR TELEVISION PICTURE TUBE

4-3




processors, computer systems, arcade video games,
specialized military units, medical and other
electronic testing and monitoring equipment such as
oscilloscopes.

4.1.3 Manufacturing Processes and Materials

The manufacturing processes and materials used for cathode ray
tube production are described in the following paragraphs. Each
type of cathode ray tube with its associated manufacturing
operations is discussed separately because production processes
differ.

Color Television Picture Tubes -- The manufacture of a color
television picture tube 1is a highly complex, often automated
process as depicted in Figure 4-2. The tubes are composed of
four major components: the glass panel, steel aperture mask,
glass funnel, and the electron gun mount assembly. The glass
panel 1is the front of the picture tube through which the picture
is viewed. The steel aperture (shadow) mask is used to
selectively shadow the phosphor from the electron beam as the
beam horizontally scans the phosphor-coated glass panel. The
glass funnel is the casing which extends back from the glass
panel and is the largest component of the picture tube. The
mount assembly is attached to the funnel and contains the
electron gun and the electrical base connections.

Manufacture of a color television picture tube begins with an
aperture mask degrease. The aperture masks, often produced at
other facilities, are received by the color picture tube
manufacturer, formed to size, solvent degreased, and oxidized.
Common degreasing solvents used are methylene chloride,

trichloroethylene, methanol, acetone, and isopropanol. The
aperture masks are inserted within the glass panel which is
commonly then referred to as a panel-mask "mate". The panel-mask

mate is annealed and the mask is removed.

The glass panels proceed to panel wash. Panel wash includes
several hydrofluoric-sulfuric acid glass washes and subsequent
water rinses. The panels are then sent to photoresist
application. The photoresist commonly contains dichromate, an
alcohol, and other materials considered proprietary. The glass
panels are coated with a photoresist and the masks are mated to
the panel. The panel is then exposed to light through the mask.
The mask is removed and the panel is developed, graphite-coated,
re~developed and cleaned with a hydrofluoric-sulfuric acid
solution. The panel at this point has a multitude of clear dots
onto which the phosphors will be deposited. Presently, several
manufacturers are using vertical lines as an alternative to dots.
The panels then proceed to phosphor application.

Many proprietary processes have been observed in applying the
phosphors. Generally, the panels first undergo another
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photoresist application. Each of the three color phosphors is
then applied similarly. The phosphor is applied to the panel as
a slurry or as a powder, the mask is attached, the phosphor is
exposed to 1light through the mask, the mask is removed and the
unexposed phosphor is washed away. After application of the
three phosphors, toluene-based lacquer and silicate coatings may
be applied to seal the phosphors, aluminum is vacuum-deposited to
enhance reflection, the mask is mated with the panel, and the
panel is cleaned.

Glass funnels are cleaned and coated with graphite to prevent
reflection within the tube. Electron shields are degreased and
attached to the panel. Panel-mask assemblies and glass funnels
are then joined together using a heat-fused lead frit, followed
by annealing. The electron gun mount is cleaned, aged, and heat
sealed to the base of the funnel. At this stage the assembled
panel, funnel, and mount are termed a "bulb." The bulb is
exhausted, sealed, and aged by applying current to the cathode.
The tube is tested, an external graphite coating is applied, and
an implosion band is secured to the tube. The tube is retested
before shipment to facilities that assemble television sets.

Panels may be rejected upon inspection at many points along the
manufacturing process. If rejected, panels may be sent back to
the panel wash at the beginning of the manufacturing sequence.

In addition, there is a picture tube salvage operation to reclaim
spent or rejected picture tubes. Salvage operation processes
include a panel-funnel acid defrit, acid cleaning of panels and
funnels, and cleaning of aperture masks. These reclaimed
components are returned to the process for reuse. Electron guns
are usually discarded.

Wastewater producing operations for manufacture of television
picture tubes are unique and sizeable. Process wastewater
sources include both bath dumps and subsequent rinsing associated
with: glass panel wash, aperture mask degrease, photoresist
application, phosphor application, glass funnel and mount
cleaning, and tube salvage.

Single Phosphor Tubes -~ Single phosphor tubes have several
manufacturing processes that differ from color television picture
tube manufacturing (Figure 4-3). The tube is usually composed of
a single glass bulb; only a small . percentage of the tubes
manufactured have a separate panel and funnel connected by a heat
fused lead frit.

The one piece tube manufacturing requires no mask and no
photoresist application. The single phosphor is contained within
an aqueous settling solution that is poured into the glass bulb
and allowed to settle onto the face of the bulb. After a
sufficient time the remaining settling solution is decanted off
and a toluene-based lacquer is applied to seal the phosphor.




In some cases where the bulb face needs a special application,
such as reference lines for an oscilloscope, a separate panel and
funnel are used. A photoresist and mask are used for applying
the reference lines on the panel and then the single phosphor is
applied in the same method as a one piece bulb using a settling
solution that contains potassium silicate and wusually an
electrolyte. \

In addition, there may or may not be a cathode ray tube salvage
operation. The tube salvage is usually comprised of the removal
of the electron gun by cutting the tube at the gun mount and
recycling parts of the gun. The remaining glass tube is then
discarded. At some facilities the tube is washed to remove the
phosphor before disposal. '

The decant from the Settling_solutionvand the wash from phosphor
removal are usually the main sources of wastewater in single
phosphor tube manufacturing. :

4.2 RECEIVING AND TRANSMITTING TUBES

The Receiving and Transmitting Tube subcategory includes
electronic devices in which conduction of electrons takes place
through a vacuum or a gaseous medium within a sealed glass,
quartz, metal or ceramic casing. Products are classified under
the Standard Industrial Classifications (SIC) 3671, 3673.

4.2.1 Number of Plants and Production Capacity

Results of an extensive telephone survey to companies classified
under the above SIC Codes indicated that an estimated 23 major
plants are involved 1in the manufacturing of receiving and
transmitting tubes with an estimated 10,000 employees engaged 1in
production. Several small receiving and transmitting tube
manufacturers probably exist,. o '

4.2.2 Product Description’

Receiving and transmitting tubes conduct electrons or ions
between electrodes through a vacuum or ionized gas such as neon,
argon or krypton, which is within a gas-tight casing of glass,
quartz, ceramic, or metal. Their operation is based on the
emission of electrons by certain elements and compounds when the
energy of the surface atoms is raised by the addition of heat,
light protons, kinetic energy of bombarding particles, or
potential energy. The operation also depends on the control of
the movement of these electrons by the force exerted upon them by
electric and magnetic fields. '

o) Receiving tubes are multiterminal devices that conduct
electricity more easily in one direction than in the
other and are noted for their low voltage and low power
applications (Figure 4-4). They are used to control or
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amplify electrical signals in radio and television
receivers, computers, and sensitive control and
measuring equipment.

Structurally, electron tubes are classified according
to the number of electrodes they contain. The
electrodes are usually made of -nickel mounted on a base
penetrated by electrical connections and are
encapsulated in a glass or metal envelope which is
normally evacuated.

Voltage is impressed on the tube normally between the
plate (anode) and the cathode. Because large plate
currents are not required for electron emission,
oxide~coated cathodes are used extensively. A separate
filament heats the cathode which usually consists of a
nickel sleeve coated with oxides such as strontium
oxide or barium oxide. There is no electrical
connection between the cathode and filament causing the
cathode to be heated indirectly.

Transmitting type electron tubes are characterized by
the use of electrostatic and electromagnetic fields
applied externally to a stream of electrons to amplify
a radio frequency signal. There are several different
types of transmitting tubes such as klystrons,
maghetrons and traveling wave tubes. They generally
are high powered devices operating over a wide
frequency range. They are larger and structurally more
rugged than receiving tubes, and are completely
evacuated. Figure 4-5 is a diagram of a klystron tube,
which is typical of a transmitting type tube. 1In a
klystron tube, a stream of electrons from a concave
thermionic cathode is focused into a small cylindrical
beam by the converging electrostatic fields between the
anode, cathode, and focusing electrode. The beam
passes through a hole in the anode and enters a
magnetic field parallel to the beam axis. The magnetic
field holds the beam together, overcoming the
electro~-static repulsion between electrons. The
electron beam goes through the cavities of the
klystron, emerges from the magnetic field, spreads out
and is stopped in a hollow collector where the
remaining kinetic energy of the electrons is dissipated
as heat.

4.2.3 Manufacturing Processes and Materials

The manufacture of a receiving tube 1is similar to that of a
transmitting tube and is depicted schematically in Figure 4-6.
Raw materials required for receiving tube manufacture include
glass envelopes, kovar and other specialty metals, tungsten wire,
and copper wire. The metal parts are punched and formed,




chemically cleaned, and electroplated with copper, ° nickel,
chromium, gold, or silver. The iron or nickel cathode is coated
with a getter solution which will be used to absorb gases.  The
metal parts are hand assembled into a tube mount assembly. Glass
parts for the tube base are cut and heat treated. Copper
connector pins are sealed in the "glass mount" machine. The
glass mount piece is then heat treated by baking in an oven. The
metal tube mount assembly is then hand welded to the glass mount
piece. The upper glass bulb is rinsed. On a "sealex" machine,
the bulb is evacuated to 10ZQ-3 mm of mercury, sealed, and the
glass extensions are cut off. A getter material (usually
magnesium, calcium, sodium, or phosphorus) previously introduced
in the evacuated envelope 1is flashed. Flashing occurs by
applying an electric current to the electrodes of the tube for
several seconds or by indirect infrared radiation. The getter

material condenses on the inside surface and absorbs (reacts

with) any gas molecules. -The result is that the vacuum within
the tube becomes progressively stronger until an equilibrium
value of 10Z0-6 mm is reached. The glass exterior is rinsed and -
the completed tube is aged, tested, and packaged. '

The manufacture of a typical transmitting tube is presented.
schematically in Figure 4-7. Intricately shaped and machined.
copper, steel, and ceramic parts are cleaned and rinsed. Some of
these parts are then electroplated using materials such as
copper, gold, and silver. Assembly of the electron tube is

generally a manual operation. The electron tube components -
consist of the above-described parts, a tungsten filament, a -

glass window, and a glass tube. The components undergo a number
of soldering, brazing, welding, heat treating, and polishing
operations. A significant energy user is the heat treating area
with associated non-contact cooling water. The  assembled
electron tube undergoes an extensive series of electrical and
mechanical testing procedures and an aging process before final

shipment. There are specialized types of transmitting type‘;

electron tubes, such as image intensifiers, that are produced in
a manner similar to that described above. However, there are two
wet processes utilized in addition to those depicted in Figure 4-
7. These additional wet processes include alkaline
cleaning/rinsing and alcohol dipping/rinsing of ceramic or glass
envelopes brazed to metal; and acid cleaning of glass tube
bodies. Because these processes are known to exist at only one
facility, they are not included in Figure 4-7 as processes common
to most transmitting type electron tube manufacture. :

Process water is used 1in solutions and rinses associated with
electroplating of anodes, cathodes, and grids. Water is: also
used to wash glass and ceramic tube bodies both before and after
seating to the base, or at the conclusion of the manufacturing
process. ' '

Receiving and transmitting electron tube manufactuting processes
produce wastewater discharges primarily through metal finishing
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operations which are covered under the Metal Finishing Category.
A number of ancillary operations such as deionized water
backwash, cooling tower blowdown, and boiler blowdown contribute
sizeable wastewater discharges compared to metal finishing
operations. '

In addition, there are some isolated instances of plants
manufacturing specialized transmitting type electron tubes such
as image intensifiers and photomultipliers that require process
water. Alkaline cleaning and acid etching of glass-metal and
ceramic tube components discharge process wastewater as a result
of alkaline and acid bath dumps and their associated water
rinses. These wet processes are similar to several found in
color television picture tube manufacture. There is also a glass
tube rinse (or- rinses) which concludes the manufacture of
receiving tubes. Such rinses are intended to remove surface
particulates and dust deposited on the tube body during the
manufacturing process.

4.3 LUMINESCENT MATERIALS

Luminescent materials (phosphors) are those that emit
electromagnetic radiation (light) upon excitation by such energy
sources as photons, electrons, applied voltage, chemical
reactions, or mechanical energy. These luminescent materials are
used for a variety of applications, including fluorescent lamps,
high-pressure mercury vapor lamps, color television picture tubes
and single phosphor tubes, lasers, instrument panels, postage
stamps, laundry whiteners, and specialty paints.

This study is restricted to those materials which are applicable
to the E&EC category, specifically to those used as coatings in
fluorescent lamps and color television picture tubes and single
phosphor tubes. ' ’

4.3.1 Number of Plants

A telephone survey of the industry determined that only five
facilities manufacture luminescent materials, and according to
industry personnel, two of these facilities are the major
producers.

Of the five luminescent materials manufacturers, one manufactures
TV phosphors only; three manufacture both lamp and TV phosphors;
and one manufacture only lamp phosphors. At three facilities
wastewater flow from the phosphor operations amount to less than
twenty percent of the total plant flow. Of the five facilities,
one has no discharge, two discharge to a POTW and the remaining
two discharge to surface water.

4.3.2 Product Description
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